The purpose of this study was to develop an automatic indirect (non-invasive) system to 17 identify the condition of drill bits on the basis of the measurement of feed force, cutting 18 torque, jig vibrations, acoustic emission and noise which were all generated during 19 machining. The k-nearest neighbors algorithm classifier (k-NN) was used. All data analyses 20 were carried out in MATLAB (MathWorks -USA) environment. It was assumed that the 21 most simple (but sufficiently effective in practice) tool condition identification system should 22 be able to recognize (in an automatic way) 3 different states of the tool, which were 23 conventionally defined as "Green" (tool can still be used), "Red" (tool change is necessary) 24 and "Yellow" (intermediate, warning state). The overall accuracy of classification was 76 % 25 what can be considered a satisfactory result at this stage of studies.
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The standard CNC (Computerized Numerical Control) machining center (Busellato Jet 90 100), Φ12 tungsten carbide drill bits (WP-01, FABA -Poland) and melamine faced 91 particleboard (U511SM -Swiss Krono Group) were used in experimental part of study. 92 Cutting parameters (spindle speed 4500 rpm, feed rate 1,35 m/min) were adopted on as 93 recommended by the drills manufacturer. The experimental set up enabled the measurement 94 and digital recording of 5 signals generated in the machining zone: feed force, cutting torque, 95 acceleration of jig vibration, audible noise and ultrasonic acoustic emission. The recording of 96 these signals was performed in the NI LabView (National Instruments -USA) environment 97 using 2 data acquisition cards. The outline of the test stand along with details on the 
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The tool condition was monitored in a traditional way -the size of wear of the external corner 109 of the drill was measured using a microscope with a digital camera Mitutoyo Corporation, Japan). The size of this wear was determined separately for each of the 111 two drill bit blades, and then averaged. The final measurement result (W) was given in the database concerning 5 remaining drill bits (there was always the control drill bit and 4 142 remaining experimental drill bits among the test drill bits), which covered both knowledge 143 about their real current states ("Green", "Yellow" or "Red"), determined on the basis of the 144 microscopic measurement, as well as features of all signals recorded with their participation 145 on the measuring stand. Then, the k-NN algorithm was activated, which was to recognize the classification of the test drill bit state to the total number of cases that were attempted to be 206 classified.
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Detailed information about the effectiveness of the k-NN algorithm for k=12 is 209 included in the confusion matrix (Table 1) . 1) means that 29,8 percent of the total number of cases (that were attempted to be classified) 226 belonged to the "Green" class (W<0,2 mm) and were correctly classified as such. On the other 227 hand, all other cells showed (also in percentages) how often different types of identification 228 errors occurred. For example: value 5,1 % (at the intersection of first column and second row 229 of table 1) means that 5,1 percent of the total number of cases that belonged to the "Green" 230 class (W<0,2 mm) and have been incorrectly classified as "Yellow".
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A particularly positive fact is that the two cells, furthest from the diagonal mentioned above, of the cases belonging to the "Green" class were ever classified as "Red". Unfortunately, 237 sporadically (1,9 %) the real "Red" drill bit was considered to be the "Yellow" drill bit.
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The table 2 contains detailed indicators of the effectiveness of identification of 239 particular tool states by the k-NN algorithm for k=12. On the basis of the data shown in the 240 table 2, it can be concluded that Acc and Fscore for the "Green" and "Red" classes were at a 241 very similar, relatively high level (0,84÷0,88). The "Yellow" class was much less 242 recognizable (Acc=0, 76 and Fscore=0, 48) . This is quite understandable because this class is 243 adjacent to both the "Green" and "Red" classes. In addition, the wear range, characteristic for 244 this class, is relatively narrow (W=0,2÷0,35 mm). The use of the k-NN algorithm in engineering practice requires the arbitrary 251 establishment of the parameter k. In the analyzed case, it was considered that it was not worth 252 increasing the k above 12 (for k>12 there were no unambiguously better effects of the 253 algorithm).
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The overall accuracy of classification observed for k=12 was 0,76 what can be 255 considered a satisfactory result at this stage of studies and especially that the real "Red" drill 256 bit was never considered to be the "Green" drill bit by the classifier. Similarly, the real 257 "Green" drill bit was never considered to be the "Red" drill bit by the classifier. This means a 258 complete lack of the most compromising (inexcusable from the practical point of view) 259 mistakes of the k-NN algorithm. Unfortunately, sporadically (1,9 %) the real "Red" drill bit 260 was considered to be the "Yellow" drill bit.
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The worst recognizable drill bit class was the "Yellow" class. This is evidenced by 262 the relatively low (less than 0,5) Sn and Fscore: 0,4 and 0,48 values. For comparison -for the 263 "Red" class, these parameters were 0,95 and 0,85 respectively. 
